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Abstract 

Tlie gauge symmetry breaking in 3-3-1 models can be implemented dynamically because at the 
scale of a few TeVs the U{l)x coupling constant becomes strong. The exotic quark T introduced 
in the model will form a condensate breaking SU{3)j^ (8) U{l)x to electroweak symmetry. In this 



i-£^ ' brief report we explore the full realization of the dynamical symmetry breaking of an 3-3-1 model 

p ■ to U{l)em considering a model based on SU{2)tc "X" S'C/(3)^ U{1)^. We compute the mass 

^ '. 

,^ , generated for the charged and neutral gauge bosons of the model that result from the symmetry 



breaking, and verify the equivalence between a 3-3-1 model with a scalar content formed by the 
set of the fundamental scalar bosons X; P and r/ with a 3-3-1 model where the dynamical symmetry 



(N 
> 

Q . breaking is implanted by the system formed by the set of composite bosons <l> j, , ^j,(^,-i^. and '5j,(;j(2) • 

. • I In this model the minimal composite scalar content is fixed by the condition of the cancellation of 

f—^ ' triangular anomaly in TC sector. 
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The Standard Model of elementary particles is in excellent agreement with the exper- 
imental data and has explained many features of particle physics throughout the years. 
Despite its success, there are some points in the model that could be better explained with 
the introduction of new fields and symmetries, such as the flavor problem or the enormous 
range of masses between the lightest and heaviest fermions and other peculiarities. One of 
the possibilities in this direction is to assume an extension of the standard model based on 



Gam = SU{3)^®SU{n)^®U{l), 



-\^, where n = 3,4. This class of the models predicts in- 



e we can mention 

a. 



teresting new physics at TeV scale 5|] and addresses some fundamental questions that cannot 
be explained in the framework of the Standard Model. As a brief examp! 
the flavor problem[6|] and the question of the electric charge quantization 

One interesting feature of some versions of these models is the following relationship 
among the coupling constants g and g' associated to the gauge group SU{3)j^ ® U{1)^ 
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l-4sin2^,^(^) 
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where a = g^/An, a' = g''^/4:7r and 6^ is the electroweak mixing angle. As argued in Refs 
Isl, the gauge symmetry breaking of SU{3)^ ® f^(l)x in 3-3-1 models can be implemented 
dynamically because at the scale of a few TeVs, fix, the U{l)x coupling constant {g') 
becomes strong as we approach the peak existent in Eq.([T]). The exotic quark J3 introduced 
in these models, in our notation J3 = T , will form a condensate breaking S'f/(3)^ (g) U{1)^ 
to electroweak gauge symmetry without requiring the introduction of fundamental scalars. 
In Ref. Qj we investigated this possibility and show that just version |3| of this class of models 
leads to a deeper minimum of the effective potential. 

The mechanism that breaks the electroweak symmetry SU{2)^ ® ^(l)y down to the 
gauge symmetry of electromagnetism U{l)em is still the only obscure part of the standard 
model and the understanding of the gauge electroweak symmetry breaking mechanism is 
one of the most important problems in particle physics at present. One of the explanations 
of this mechanism is based on the introduction of a new strong interaction usually named 
technicolor (TC), where in these theories the Higgs boson is a composite of the so called 



technifermions. The beautifu 
clearly described in Refs.|lOl. 



characteristics of technicolor (TC) as well as its problems are 
ill. 
In this work we will extend the results obtained in 91, in particular, we intend to explore 

n 

the full realization of the dynamical symmetry breaking of model[3[] to t/(l)em considering 



SU{2)tc^SU{3)j^ ®f/(l)x group, where SU{2)tc is the minimal TC gauge group that will 
be responsible for the electroweak sjTiimetry breaking. 

We begin determining the mass generated for the charged gauge bosons of the model that 
results from the symmetry breaking assuming the charged current interactions associated 
to the technifermions and to the exotic quark T, that will be responsible for the mass 
generation of the heavy gauge bosons V^ and U^"^. In the sequence we obtain the neutral 
current interactions and the mass matrix generated for the neutral gauge bosons. 

The fermionic content of the model has the same quark sector of Ref. [l| 
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[1,1,2/3), bn ~ (1,1,-1/3) 



Tn ~ (1,1,5/3) 
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u^R ~ (1,1,2/3), rf^fl ~ (1,1,-1/3) 



D^R ~ (1,1,-4/3) 



(2) 



where a = 1,2 is the family index and we represent the third quark family by Qsl- In 
these expressions (1, 3, X), (1, 3*, X) or (1, 1, X) denote the transformation properties under 
SU{2)tc ® SU{?>)j^ ® U{1)^ and X is the corresponding f/(l)x charge. The leptonic sector 
includes beside the conventional charged leptons and their respective neutrinos, charged 
heavy leptons -Ea[3|. 
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where a = 1, 2, 3 is the family index and laL transforms as triplets under SU{3)l- Moreover, 
we have to add the corresponding right-handed components, laR ~ (1, 1, —1) and E^ji ~ 

(1,1, +1). 

In addition, we included the minimal Technicolor sector, represented by 
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(2,3,1/2) 



UiR ~ (2,1,1/2), Z^ifi ~ (2,1,-1/2) 
U'j^r^ (2,1,3/2), 
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fD'\ 



(2, 3*, -1/2) 



U2R ~ (2, 1, 1/2) , D2i? ~ (2,1,-1/2) 
D'^ ~ (2,1,-3/2). 



(4) 



where 1 and 2 label the first and second techniquark families, U' and D' can be considered 
as exotic techniquarks making an analogy with quarks T and D that appear in the fermionic 
content of the model . The model is anomaly free if we have equal numbers of triplets and 
antitriplets, counting the color of S'f/(3)c. Therefore, in order to make the model anomaly 
free two of the three quark generations transform as 3*, the third quark family and the three 
leptons generations transform as 3. It is easy to check that all gauge anomalies cancel out 
in this model, in the TC sector the triangular anomaly cancels between the two generations 
of technifermions. In the present version of the model we assumed that technifermions are 
singlets of SU{?>)c- 

The charged current interactions with the quark T are described by 



^Qa. = -^ {TLl'tLV; + nrbLU^^ + h.C.) 



(5) 



For the TC sector, the charged current interactions to the first technifermion generation 



can be written as 



U'lYD^lU+^ + h.c.) , (6) 

while for the second technifermion generation we obtain 

^TC(2) = -J^{U2li''D,lW;^ + D2LrD'^V;+ 

U^Ll'-D'^U;^ + h.c) . (7) 

From these, we can extract the couphngs of charged gauge bosons with the axial currents 
Jht) = ^Tn^^i, with ^i = t,b, J5^(i) = ^Uiri^Di, J^^y) = |f7'7^75^i where ^,- = 
Ui,Di, and J^^^^ = |f727^75^2 , J^2') = \^kl^lbD' to ^^ = D2,U2. After considering the 
decay constant relations for the axial currents 

we can write the interaction terms of the charged bosons V^, f/^^ and W^ with U{l)x and 
TC pions (n,7ri,7r2) as 

C^.w = -| lU.p' + U,P'] W^. (9) 



In the equations above the technipion decay constants, {Jt^^ = f^±) and (/^j = /tt*)' ^^^ 
related to the vacuum expectation value(VEV) of the Standard Model through 

(/i + /i)=«^ = ^ (10) 

and we will consider that Fn~/Ux~0(TeV). 

Technicolor models with fermions in the fundamental representation are subjected to a 
strong experimental constraint that comes from the limits on the S parameter. In our case, 
the contribution due to the TC sector should still lead to a value to the S parameter compati- 
ble with the experimental data. At low energies, i.e. at the scale associated with electroweak 
symmetry breaking, we should only consider the contribution of four techniquarks because 
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FIG. 1. Contributions to the vacuum polarization Hajsip"^) of the charged gauge boson V^. 

(U 'and D') are singlets of SU{2)l and do not contribute directly to the mass of (W and Z) 
bosons. 

In Fig.I we show the couplings in 0{g'^) between the charged pions, 11^ and 1^12^ with 
the charged boson V^. From this figure we can write the correction to the V^ propagator 
as 

I 
2 



iD'y{p'Y'^=iDv{p'r + i^-Dv{p'Y^\iIilp{p')\iDv{py' 



where Dyip^) is the tree level propagator in the Landau gauge and n^^(p^) is obtained 
from the pions couplings. Then, after considering 11^^ (p^) = {p^Qap — PaP/s) n^(p^) , My = 
g'^p'^li^{p'^)/2, the contributions for the polarization tensor depicted in Fig. I, and the first 
equation listed in ([9]), we obtain 

M'y = 'j{Fl + fl+ll). (11) 

The mass generated for the U and W bosons can be obtained in the same way, these 
results are presented below 

M'u = j {Fl + fl, + fj , M^ = ^ (/^\ + fj . (12) 

The mass generated for neutral bosons Zq and Z'^ can be determined in a similar way, 
below we show the couplings of exotic quark T with Ws and B 

-^Tni.TnB^ (13) 

where {B,W3,Ws) are symmetry eigenstates, B is the f/(l)x boson and the eigenstates 
{W3, Ws) are associated to the neutral generators of the SU{3)l. For the first technifermion 



generation (l^-ger), the respective couplings are listed below 



/^l" ger 






(14) 






UlR-f^UlR - DlRj^DlR + 



(15) 



while that for the [2"'ger) we have 



p2°- ger 



U2Li,u,L [ w!^ - -^w,^ ) + 



Al7,^2L ( -W^s" - ^W^r ) + 



-—D'a.D'^Ws' 



(16) 
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2^ ger ^ [f^2L7Mf^2L + -D2L7^-D2L + 



-U2Rl,JJ2R + -D2R7M^2i? + 

In this case the couplings between the neutral pions, n*^ and 7r°2j with W^^ W^ 



(17) 
and B are 






^o/^iPm^s" , >C^«-W3 = +^^^^^^^^^ 



^nO-B = -ilzf^^P^lB^ , ^^l-B = -iizUiPt^B^ 
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^^o-B = -^lzf^^P^lB^ , C^o_B = -i-U^Pi^B^ 






Cn^B = -i^{2Fu)p^B 



(18) 
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FIG. 2. Contributions to the vacuum polarization lia/sip'^) of the neutral gauge bosons. In this 
figure, /c = 1,2 is the TC family index, and for simplicity we have not written the Lorentz indices. 

In Fig. II we represent the contributions of these couplings to the vacuum polarization 
tensor of the neutral gauge bosons. 

Therefore, from the contributions depicted in Fig. II, and after considering Eq. fllSp . we 
can write the following mass matrix for neutral bosons in the base {W^, Wg, B} 



where 



/ 



Mf 
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AwsWs —Aw-iB 

AwgWs AwgB 

— AbWj, AbWs ^bb 



\ 



(19) 



and we defined t = 
are then given by 
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A 



W3W3 






p2 ^ 



AbW3 — AwaB — t{f^^ + f^ 



A 



WsB 



A 



BWs 



V3' 



Vs 



A 



WsWs 



o\Jni "T Jtt2) "•" on 



AsB = 2t\f^^ + fJ+At'Fl (20) 

The eigenvalues of the matrix in Eq. flT9|) . assuming Fn >> fm, fn2. 



Ml = , Mlc.'-{fl + fl) 



21 



l + 4t 
l + 3t2 



^0 4 ^^ 



3 



(21) 



f.a 



The neutral physical states (A^, Zq^, Z'q ) are the same described in Ref.[l|] and A^ represents 
the foton field. 
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In conclusion, the gauge symmetry breaking in 3-3-1 models can be implemented dynam- 
ically because at the scale of a few TeVs the U{l)x coupling constant becomes strong as we 
approach the peak existent in Eq.(l)|8|[9|. The exotic quark T introduced in model will form 
a condensate breaking S'f/(3)^ (g) U{l)x to electroweak symmetry. In this work we consider 
only the T quark contribution to the U{l)x condensate, because we are assuming the most 



attractive channel(MAC) hypothesis |12[|. The MAC should satisfy ac{iJ'x){XLXji) ~ 1, and 
once adfix) is close to 1, we can roughly estimate that U{l)x condensation should occur 
only for the channel where (X^X/j) > 1. With the exception of the T quark, all other 
fermions have {X^Xji) < 1. A more detailed analysis requires a Schwinger- Dyson equation 
calculation. However, if contributions due to other channels, such as those associated with 
U{l)x condensation of D or D', for example, we expect a mass correction for the exotic 



a 



gauge bosons(or Fn) not larger than 20%, since (DD) ~ 0{10-^){TT)^\. 

In this brief report we explore the full realization of the dynamical symmetry breaking 
of the SU{3)^ ® U{1)^ extension of the Standard Model[3| considering a model based on 
SU{2)tc ® SU{?>)j^ ® U{1)^. The electroweak symmetry is broken dynamically by a tech- 
nifermion condensate and we have determined the mass generated for the charged gauge 
bosons of the model that result of the symmetry breaking. 

We also determine the mass matrix generated for the neutral gauge bosons of the model 
and found the same mass spectrum to the gauge bosons obtained with the introduction of 

nn 

fundamental scalars X;P and ?7[l[[3|. In other words, we verify the equivalence between a 
3-3-1 model with a scalar content formed by x, P and r] , with a 3-3-1 model where the dynam- 
ical symmetry breaking is implanted by the system formed by the composite scalar bosons 
^^ = (ft,f6,fT) ~ (0;,0;-,0O), <|.,^^^, = {UrU,,U,D,,U,U') ~ {<l>l,,,,A-a,.,^<l>tc,.,) 
and ^^c{2) = {D2U2, D2D2, D'U2) ~ {Kc(2)'^l'c(2)'Kc(2))- '^^^^ system of composite bosons 
will produce the following hierarchical symmetry breaking 5'[/(3)^ ® U{1)^ — > SU{2)j^ ® 
t/(l)y — )■ Uem, with a = (0°) and b = (0°e{i)' '^tc{2))- '^^^ novelty in this approach is 
that the minimal scalar content is fixed by the condition of the cancellation of triangular 



anomaly in TC sector. In Ref . [13|] we discuss a mechanism for the dynamical mass generation 
in grand unified models with a horizontal symmetry, incorporating quarks and techniquarks 
and including the generation of a large t quark mass. We expect that a mechanism similar 

n 

to the one described in pj| can be developed for the model discussed here, this possibility 
and the determination of the mass spectrum of the composite Higgs bosons are topics that 



we intend to address in future work. 
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